Aim: As society ages, there is a vast number of elderly people with locomotive syndrome. In this study, the factors associated with functional limitations in daily living activities evaluated by female hip osteoarthritis (OA) patients were investigated.
INTRODUCTION
As society ages, there is a vast number of elderly people with locomotive syndrome limiting their activities of daily living and impacting greatly on their quality of life. Limitations in activities of daily living give rise to the need for support or nursing care. Among the causative motor system disorders, bone fractures, spinal disease, and osteoarthritis (OA) are common. 1 Because there have been few epidemiological studies of OA in Japanese people in which hip OA was an outcome, a nationwide epidemiologic study of hip OA was conducted, and the current status of patients with hip OA, including the disease etiology, was examined. [2] [3] [4] Epidemiological studies of primary hip OA in Western people have reported race, 5 female sex, 5 old age, [5] [6] [7] [8] history of external hip joint trauma [9] [10] [11] and manual labor 5, [10] [11] [12] [13] as risk factors. In contrast, consistent conclusions have not been reached in studies on the relationships of anthropometric factors (height, weight, body mass index [BMI]), [8] [9] [10] [14] [15] [16] [17] [18] [19] [20] [21] [22] reproductive factors 23, 24 or physical activity 9, 10, [25] [26] [27] to hip OA. Recent studies have reported that social factors such as marital status, residence, education, income and receipt of a pension are related to hip OA. [28] [29] [30] [31] In a case-control study of hip OA in Japan, an association with occupation was reported. 32 Most of the outcome indices in these epidemiologic studies were the incidence of hip OA or hip replacement due to OA, and there were few outcome indices evaluated by the patients themselves.
The present study focused on two everyday living activities of female Japanese hip OA patients, standing up and stair-climbing, and clarified the factors associated with functional limitations evaluated by the patients in these two activities.
METHODS

Study subjects
This was designed as a cross-sectional study. An epidemiologic study of hip OA at the orthopedic departments of 15 institutions across Japan was conducted from January to September 2008. The subjects were patients who were newly diagnosed with hip OA at an orthopedic clinic. The patients were told that the survey was an academic survey carried out as a research project of the Japanese Orthopaedic Association (JOA), and the patients who consented to participate were the subjects of the study. There was a substantially larger number of female patients than male patients, and the etiology was assessed to be acetabular dysplasia in most patients. [2] [3] [4] The study protocol was approved by the Ethics Committee of the Osaka City University Graduate School of Medicine.
Information collection
Data on date of birth, height and weight at the time of diagnosis, cause of disease, unilateral or bilateral OA, medical history and classification of OA stage were collected using a questionnaire completed by doctors. The stages of hip OA were the following four indices modified from JOA criteria. 33 Pre-OA stage: when a symptomatic hip demonstrated no radiological OA changes but showed morphological changes of the acetabulum and/or proximal femur related to OA; Initial stage: the joints that had one or more OA changes and possible narrowing of the joint space were assessed as being at the initial stage. An additional condition for the joints at the initial stage was that the width of the joint space was maintained at 2 mm or more throughout the weight-bearing area; Advanced stage: the joint was assessed as being at the advanced stage when the width of the joint space was < 2 mm at the thinnest point or when the length of joint space loss in anteroposterior view was < 15 mm in weight-bearing portion; and Terminal stage: the loss of joint space extended ≥ 15 mm. Based on a preliminary study 34 where observer agreement on assessment items in a multicenter survey was examined, we defined these indices. In cases of bilateral involvement, the more severely affected joint was staged.
Data on patients' functional limitations in daily living and background factors, including lifestyle habits, were collected using a questionnaire completed by the patients. The indices of functional limitation in activities of daily living were the following two questions, modified from the JOA score: 35 (i) standing up: Can you stand up from a crouched position (e.g., when
International Journal of Rheumatic Diseases 2017; 20: 1372-1382 using a Japanese-style toilet for a bowel movement)? (Responses: impossible, possible with support or assistance, or possible); and (ii) stair-climbing: Can you climb and descend stairs? (Responses: impossible, possible with support or assistance, or possible). Background factors collected from patients were history of treatment for hip injury, medical history, comorbidity, education (age of leaving school), participation in sports clubs at school (yes, no), longest held occupation, parity (nulliparous or parous), and smoking and alcohol habits (never, past, current). BMI was used to examine the association with obesity because information about waist circumference was not obtained. BMI was calculated from each patient's weight (kg) divided by the square of the height (m 2 ).
Statistical analysis
Outcome indices were functional limitations in the two everyday living activities, (i) standing up and (ii) stairclimbing; in both cases, impossible versus possible with support or assistance versus possible.
Continuous explanatory variables were divided into tertiles for comparison. Education was classified into three categories of number of years of schooling: up to 9 years (elementary/junior high school), 10-12 years (senior high school), and over 13 years (junior college/ vocational school or higher). Occupation was classified according to the classification of the Japan National Census and divided into two groups: physical workers were defined as agricultural/fishery workers, mining workers, and factory/construction workers or laborers; all other occupations were defined as non-physical workers. OA stage was classified into three categories: pre-OA or initial stage, advanced stage and terminal stage.
For the analysis, odds ratios (ORs) and their 95% confidence intervals (CIs) for the explanatory variables were computed using the proportional odds model in logistic regression. The P-values for the scores were calculated to test for the proportional odds assumption. The P-value was > 0.05 in all models. Thus, use of the proportional odds models appeared appropriate. To construct the final models, age and OA stage-adjusted ORs were calculated for two outcomes: (i) standing up; and (ii) stair-climbing. Variables showing P-values < 0.1 or that seemed likely to be associated with functional limitations in the two everyday living activities were considered potential confounders for adjustment. To clarify whether weight and height were associated with hip OA, weight and height (not BMI) were included in the final model. Hence, eight variables (height and weight at diagnosis, education, participation in sports at school, parity, age, site of hip OA and OA stage) were included in the final model. Furthermore, to determine whether comorbidity has an influence on functional disorders, each comorbidity was entered into the two final multivariable models. The test for trend was performed by including increasing exposure categories in the model as explanatory variables coded with ordinal numbers. The level of significance was taken as P < 0.05. All analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).
RESULTS
A total of 494 hip OA patients (54 male, 440 female) from 15 hospitals in five districts consented to participate in the survey. Male patients (n = 54), female patients with a history of hip surgery (n = 39) and female patients who had missing data on OA stage or site of hip OA or the self-administered questionnaire (n = 48) were excluded. Thus, the subjects for analysis in this study were 353 female hip OA patients.
Of the 353 subjects, 192 (54%) had unilateral OA, and 161 (46%) had bilateral OA ( Table 1 ). The subjects' median age was 59.0 years (range 15-85 years), mean height was 153.3 cm (range 135.0-173.0 cm), and median weight was 53.0 kg (range 31.0-105.0 kg). These values largely resembled the age-specific height and weight averages of Japanese adults according to the 2008 National Nutrition Survey. 36 OA stage was: pre-OA stage, 40 (11%); initial stage, 50 (14%); advanced stage, 98 (28%); and terminal stage, 165 (47%).
Old age, high BMI, physical worker, parity and OA stage were significantly associated with functional limitation in standing up on univariable analysis (Table 2) . Many years of education, participation in sports at school and current alcohol consumption showed inverse associations with functional limitation. Factors showing P < 0.1 for functional limitation in standing up in the age and OA stage-adjusted multivariable analyses were heavy weight (third tertile vs. first tertile: 1.95, 1.18-3.20), high BMI (third tertile vs. first tertile: 1.82, 1.09-3.02), years of education (≥ 13 years vs. ≤ 9 years: 0.47, 0.24-0.90), participation in sports at school (0.67, 0.44-1.02) and parity (vs. nullipara: 2.02, 1.14-3.60). In the final model, old age (third tertile vs. first tertile: 3.89, 2.09-7.25, trend P < 0.001), heavy weight (third tertile vs. first tertile: 1.91, 1.11-3.27, trend P = 0.020), participation in sports at school (0.62, 0.40-0.98), parity (vs. nullipara: 1.96, 1.08-3.56), and Old age, short height (< 151.0 cm), high BMI, parity and OA stage were significantly associated with functional limitation in stair-climbing on univariable analysis (Table 3 ). Many years of education, participation in sports at school, and current alcohol consumption showed inverse associations with functional limitation. In the present study, the comorbidities of the subjects included cerebral stroke (n = 1), high blood pressure (n = 91), heart disease (n = 12), liver disease (n = 10), tuberculosis (n = 3), diabetes mellitus (n = 18), cholelithiasis (n = 6), gastrointestinal disease (n = 26), depression (n = 8), asthma, chronic bronchitis and pulmonary emphysema (n = 9) ( Table 1 ). When each of these diseases was entered into the two final multivariable models, in all models, the adjusted ORs of age were significantly associated with functional limitation, but the adjusted ORs of comorbidities were not associated with functional limitation as follows: high blood pressure, functional limitation in standing up: OR = 1.03, 95% CI = 0.62-1.69, functional limitation 
DISCUSSION
This study identified the factors associated with functional limitation of the two everyday living activities of female Japanese hip OA patients, standing up and stairclimbing. Old age and OA stage were associated with functional limitations of the two activities. The other associated factors differed by the kind of activity. Shorter height showed an association with functional limitation in stair-climbing in this study. On the other hand, several reports have found that taller stature is a risk factor for primary hip OA. 10, 14, 15 A study of Norwegian women considered that taller persons may be more predisposed to the development of OA than shorter persons because they do not have correspondingly thicker hip joint cartilage.
14 However, the female Norwegian subjects of that study had a mean height of 163 cm, and the subjects in the present study had a mean height of 153.3 cm. The mean Japanese height is much lower than that of Westerners, so that the two studies cannot be compared. In our previous survey of male Japanese patients with knee OA, we found an association between lower height and knee pain. 37 A possible interpretation is that, in the < 151.0 cm category, there is a larger ratio of knee and hip bend to height when stair-climbing, so that the action of climbing stairs involves greater burden on the hip joint in shorter persons. In addition, investigation of the association between acetabular dysplasia and low height may be necessary, because most subjects in our study had mortar acetabular dysplasia (which had been described in other studies 2,3 ). Heavy weight is known to be a risk factor for knee OA, and our previous studies of Japanese people showed an association between heavy weight and knee OA. 38, 39 However, a consistent conclusion regarding the relationship between heavy weight and hip OA has not been reached. Several studies have shown that high BMI from a young age is a risk factor for hip replacement due to OA 8, 18 and for incident hip OA, 16 but there was also a study that found no association. 19 Regarding the association between BMI or weight at the time of the survey and hip OA, there are studies showing a positive association [14] [15] [16] [17] and studies in which no association was found. [20] [21] [22] In the current study, present weight showed a significant association with standing up, but it was not significant for stair-climbing, so that the association depended on the nature of the action. This is probably because the way the load acts on the hip joint is different in standing up and stairclimbing. However, since the association is with present weight, the possibility of reversed cause and effect cannot be ruled out.
When examining risk factors for OA, it is important to investigate associations with BMI, because it is an indicator of obesity. However, in the examination of BMI alone, it is not possible to determine whether both or one of heavy weight or low height is associated with OA. Since height and weight were included in the final model, it was possible to clarify the associations between heavy weight and standing up and between low height and stair-climbing. A prospective study is needed to determine whether physical activity prevents OA or whether physical activity is reduced because of OA. A cross-sectional study can examine data relating to exercise habits during early life, midlife and the present. Studies examining the associations between OA in later life and the degree of physical activity in the teens, 30s and 50s, 25 as well as the amount of exercise from leaving school until the present, 9 have shown positive associations. There are reports of no association between current physical activity and hip OA. 10, 26 However, the influence that physical activity gives to a body might vary according to time, period and strength. Intense exercise transmits powerful forces to the joints and may perhaps speed up degeneration, but reasonable exercise strengthens the muscles and may therefore be useful in protecting the joints. One cohort study found that physical activities in women (particularly walking) had a preventive effect against OA. 27 The results of the present study suggest that participants in sports clubs at school have maintained function in standing up. This may be the effect that muscles were strengthened by exercises in school days.
Although parous women were significantly more likely to have functional limitation in standing up than nulliparous women, parous women were not more likely to have functional limitation in stair-climbing than nulliparous women. A cohort study of middleaged women (mean age 56 years) in England and Scotland found greater risk for hip replacement due to OA among women who had given birth to four or more children than among nulliparous women (relative risk = 1.10, 95% CI = 1.02-1.19). 23 This is probably because the proportion of a woman's life spent with excess weight due to pregnancy increases with the number of births, which greatly affects the joints, and also because a huge load is exerted on the hip at childbirth. However, a case-control study found no association between number of births and hip replacement due to OA. 24 In this study, persons who spent more years in education retained stair-climbing function. A recent study investigating the associations between hip OA and socio-economic factors in Germany showed that the postoperative functional evaluation outcome for total hip replacement was not good for widows/widowers, persons living alone, persons with a pension, or persons with fewer years in education. 28 A cohort study in Denmark found high income and more years in education had an inverse association with hospitalization due to hip OA. 29 A study in Asia found pain and physical function to be worse in hip OA patients with fewer years of education. 30 There was also a study investigating socioeconomic factors from the point of view of the individual (number of years of education, etc.) and of the community (social status, etc.). 31 Persons with high income and education levels are likely to carry out appropriate health management, use recreational facilities and centers for the elderly, have opportunities for International Journal of Rheumatic Diseases 2017; 20: 1372-1382 good treatment, and possess the capacity for processing a range of information, and these may contribute to improving factors associated with hip OA (e.g., obesity, low levels of physical activity).
Bilateral OA was significantly associated with functional limitation in stair-climbing, but it was not associated with functional limitation in standing up. The load to the right and left joints may vary according to activity. OA stage was significantly associated with functional limitation in the present study. Naturally, it is expected that patients with bilateral OA and/or severe OA stage have functional limitations. These factors (site of OA, OA stage) were included in the final model. In this situation, low height, heavy weight, participation in sports such as club activities, and parity were significantly associated with functional limitations of hip OA.
This study had some limitations. Because there were few males registered in the study, we were not able to examine the factors associated with male hip OA patients. Old age showed an association with functional limitations in hip OA patients. There are similar reports of associations between old age and primary hip OA incidence and prevalence. [5] [6] [7] [8] However, functional limitation may also be affected by diseases other than hip OA accompanying old age. A previous study of elderly persons reported the attributable fractions of different diseases to functional limitation in stair-climbing as follows: knee OA 16.7%, depressive symptomatology 15.4%, stroke 12.8%, diabetes 9.8%, hip fracture 9.1%, congestive heart failure 7.6%, and chronic obstructive pulmonary disease 7.4%. 40 In the present study, the comorbidities of the subjects included cerebral stroke, high blood pressure, heart disease, liver disease, tuberculosis, diabetes mellitus, cholelithiasis, gastrointestinal disease, depression, and asthma, chronic bronchitis and pulmonary emphysema. The adjusted ORs of age were significantly associated with functional limitation, but the adjusted ORs of comorbidities were not associated with functional limitation. Since it was not possible to acquire data regarding knee OA, the effects of knee OA on the outcome could not be investigated. In this study, functional limitations in two everyday living activities, standing up and stair-climbing, were examined. However, further tasks, including the walk distance, need to be examined to evaluate functional limitations in everyday living activities. Furthermore, recall bias may be another potential limitation, because the severity of functional limitation and information about background factors including lifestyle were collected by a questionnaire completed by patients. In addition, it cannot be said that this sample represents the general female population with OA. However, the findings were not limited to one area, because the study subjects were new patients of 15 hospitals in five districts. Finally, a limitation of the study is that, because of its cross-sectional nature, causality cannot be inferred.
In conclusion, the factors associated with functional limitation in female Japanese hip OA patients were identified. Some associated factors differed by the kind of activity. Heavy weight and parity were associated with functional limitation in standing up, whereas participation in sports such as club activities in school maintained function in standing up. Shorter height and bilateral OA were associated with functional limitation in stair-climbing. Old age and OA stage were associated with functional limitation of both activities.
